Abstract. Surface generation by milling process involves the occurrence of some complex effects that affect surface quality. The most important effects of the milling on the generated surface are heating, plastic strain and residual stress. The aim of the present research is to analyze the influence of the work piece temperatures and residual stress distributions generated by milling in the machined surfaces on its accuracy. Two types of materials and different cutting parameters have been used in order to determine the above mentioned connection. The obtained results show that the temperature and residual stress generated by milling influences the surface deviations from flatness.
Introduction
Two types of stresses are generated by machining operations: mechanical and thermal [1] . The mechanical stresses are generated by the compressive forces that occur from the interaction of the cutting tool with the material during machining operations. For example the shot penning operation leads to compressive stresses in the surface layer while the thermal effects can be neglected [2] . The thermal induced stresses occur due to high temperatures that are locally generated by machining parameters, material properties (low thermal conductivity), tools state (i.e. intensive flank wear), cooling conditions etc. Such stresses are influenced by working time, temperature developed during machining in the part, initial stress and material microstructure [1] .
Milling is an intermittent machining process and hence the generated heat presents a cyclic variation [3] . This heating cycle leads to temperature variations that affect the tool life and work piece quality [4] . The main heating sources are the primary shear zone at the tool -work piece interface, the tool-chip interface and the contact of clearance face with machined surface. Approximately 80% from the generated heat is transferred to the chip while only (the remaining) 10-20 % are transferred in the work piece or tool material [5] .
The importance of knowing the residual stress distribution resides from the fact their effects may be beneficial or detrimental for the machined work piece performance and even more for the quality of the surface layer. An increase of the compressive residual stress value in surface layer leads to higher values of hardness and elastic modulus [6, 7] .
It is also important to assess the process parameters that generate a favourable stress state which can lead to better material mechanical characteristics (fatigue resistance, wear resistance, corrosion, etc.). The state of the residual stress distribution can be modified using special tools, or heat and chemical treatments. [8, 9] .
The aim of the present study was to analyse the influence of the temperature and residual stress distribution generated during milling on surface accuracy. The temperature variation and residual stress distribution was created under different cutting parameters.
Experimental Conditions
The study was carried out for two types of materials with mechanical properties according to Table 1 carbon steel (CU 45 -K945) and aluminium alloy (Al 6061T6).
The temperature distribution in the work piece surface was detected using a FLIR infrared camera. During the experiments, the distance between the IR camera and the work piece was kept constant at 200 mm. The temperatures were measured with an OMEGA pyrometer with thermocouple (type K) in the same positions where the residual stresses was also measured. The measured temperature of the work piece was analysed using Research IR ® software. The residual stresses in surface layers were measured using the hole-drilling technique with a RESTAN system made by SINT (Fig. 1) . The strains were recorded using a strain gauge rosette, type HBM 1.5/120RY61S and the signals were recorded through a SPIDER 8 data acquisition system. The obtained data was processed using the integral calculation method. The measurements were made for a depth in material up to 0.6 mm.
The end milling process was performed on the feed direction using a CNC milling machine on a prismatic part with a working surface having the following dimensions: 150 x 50 mm. The tool has had 50 mm diameter with 5 inserts (type 490R-08T308M-PM from Sandvik) with the following geometrical characteristics: edge radius 0.025mm; rake face angle 26˚; edge land 0.13 mm; edge land angle 2˚; relief angle main cutting edge α˚= 11˚. Scheme of milling is presented in Fig. 2 . 
Influence of Different Factors on the Distribution of Temperature and Mechanical Generated Stresses
Residual Stress Distribution Before Milling. For a correct assessment of the influence of residual stresses distribution developed during milling, it is important to know the initial stresses distribution in the material. Therefore, prior to milling, the residual stress state in the surface layer was determined for a depth up to 0.6 mm (Fig. 3) .
From the obtained results it was observed that generally, in all materials the initial residual stresses had tensile values. In the interval 0.05…0.1 mm depth, the residual stress was 180 MPa for the aluminium alloy and 90 MPa for the carbon steel (K945). For depths between 0.1 mm and 0.6 mm the residual stress in A6061T6 was increasing from 180MPa to 249MPa. For the same depths, in the case of K945 steel the residual stress has a sinusoidal evolution between 25 MPa and 113 MPa. These nonlinear variations were induced in the materials by prior semi part processing operations. For the carbon steel part (K945), in the case of the cutting speed v=52 m/min a small temperatures variation was detected. The increase of the cutting speeds led to higher work piece temperatures with a variation interval up to 15 ºC for the cutting speed of 250 m/min (graphs from In the case of aluminium alloy, because of his increased thermal transfer coefficient the value of temperature reached 46.6 ˚C at a speed equal to 250 m/min, while for carbon steel the generated temperature was equal to 104.9 ˚C in surface layer (at 0.05 mm). In the case of carbon steel it was observed that the variation of the induced residual stress generated temperatures has had a similar tendency. The use of a speed equal to 250 m/min generated continuously decreasing temperatures (from 104 to 72.2˚C) with small variation and compressive stress in subsurface layer for both used materials.
Influence of the Temperature and Residual Stresses on the Accuracy of Machined Surface.
The deviation from surface flatness was used as a mean to determine the influence of cutting parameters and their effects (work piece temperature, residual stress) on surface quality.
The influence of cutting speeds on flatness deviation was analysed for interval of 52 to 250 m/min, taking also into consideration the residual stresses at 0.1mm depth under surface and the average residual stress for depths between 0.1 mm and 0.6 mm (table 2). In the case of aluminium alloy the use of a cutting speed equal to 52 m/min lead to compressive residual stress (S 1 = -14. In the case of carbon steel K945 the trends of residual stress and deviations from surface flatness was similar. Thus, the cutting speed of 157 m/min has generated the largest values of residual stress were (S 1 =258.16 MPa at 0.1 mm and S 2 = 94.12 MP) and the highest deviation from surface flatness (9.5 µm) from all the cutting speeds that were analysed. Using a high cutting speed (250 m/min) generated compressive stress in surface layer (S 1 =-78.68 MPa and S 2 =9.25 MPa) and the smallest value of deviation from surface layer of 7.4 µm.
Conclusions
The present research analysed the influence of temperatures and residual stress distributions generated by milling on the accuracy of machined surfaces. The analysis of the results leads to the following conclusion: − The temperatures developed in the work pieces influence the state of residual stresses distribution in surface layer, depending on their chemical and mechanical characteristics. High variation of temperature field led to variation of residual stress distribution. − Materials containing elements with high thermal conductivity coefficients develop compressive residual stress and a small value of surface flatness deviation. Using different cutting speeds on aluminium alloy and carbon steel has shown that a high value of tensile residual stress distribution led to high deviation from surface flatness. The presence of a compressive residual stress distribution led to a small value of flatness deviation. − Using a cutting speed of 250 m/min, a cutting feed of 750 mm/min and a depth of cut of 0.15 mm, generate for both analysed materials the optimum surface parameters (low values of residual stress and deviation from surface flatness).
